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MARKED-UP VERSION OF SUBSTITUTE SPECIFICATION 
SYSTEM AND METHOD FOR REPORTING MEASUREMENTS IN A 
COMMUNICATION SYSTEM 

FIELD OF THE INVENTION 
The present invention relates to communication systems and methods, and more particularly, it 
relates to systems and methods for controlling the communication of measurement reports 
between an access point and a control unit in a communication system. 

BACKGROUND OF THE INVENT10>i 
In a commvinication system, the role of a control unit is, among other things to control the 
resource allocation at access points connected to the control unit. In order to be able to perform 
this task, the control unit requests, from the access points, measurement reports containing 
measurements regarding links associated with the access points, measurements which are 
necessary for e.g. being able to control the resource allocation at the access points. The 
measurement reports are evaluated in the control unit, and based on the evaluation, commands 
are sent from the control unit to the access points. 

As an example of such a communication system, figure 1 shows an exemplary mobile 
communication system 100. It comprises mobile terminals 101 in contact with access points 103 
via Unks 102 over an access interface, which for the exemplary mobile communication system is 
an air interface. For the mobile communication network, the geographical position of the 
terminal defines to which access point the terminal is presently in contact. Each terminal 101 is 
in contact with its access point 103 via at least one link 102. The access points are in their turn 
connected via control interfaces 104 to a control unit 105. The control interface 104 is defined as 



a connection between one control unit 105 and one access point 103. In figure 1, for clarity 
reasons, only one control unit 105, one access point 103 and consequently only one control 
interface 104 is shown, although, it would be apparent to a person skilled in the art that a 
communication system may comprise many control units, access points and control interfaces. 

As mentioned above, the control unit 105 controls the resource allocation at the access point 103 
connected to the control unit. This control is managed by algorithms in subvinits 205, 206 in the 
control unit 105. For this purpose, the control unit requests measurement information from the 
access point 103 regarding the links 102 associated with the access point 103. The measurements 
could be of different types depending on what is requested by the algorithms. In the example of a 
mobile conmiimication system, the me£isurement types could be e.g.: received interference level, 
transmitted power level, path-loss, received signal quality, etc. 

A common practice is that each subunit 205, 206 in the control unit 105 requests its own 
measurements necessary for its algorithm from the access point 103 on a per link basis. The 
measurement requests, sent by the control unit 105, specify the type of measurements to send 
and with which frequency they should be sent. In response, the access point 103 compiles so 
called periodic measurement reports, which are sent to the subunits 205, 206 in the control unit 
105 at the requested frequency comprising the requested measurements. Different types of 
periodic measurement reports could be sent at different frequencies depending on what is being 
reported. 

The measurement reports are necessary for the system to know e.g. the quality of a link 102 and 
to be able to take necessary steps if for example the quality of a link deteriorates. Such steps 
could e.g. be that the mobile communication network performs handover of a terminal 101 to 



another access point 103. Therefore, the more often measurement reports are received at the 
control unit 105 for evaluation, the better the control of the communication over each link 102. 
On the other hand, there are capacity Umitations over the control interface 104 and in the 
processors in the access point 103 that limits the amount of measvirement reports that could be 
sent to the control unit 105 over the control interface 104. 

As the different subunits 205, 206 in the control unit requests their own measurement reports 
from the access point 103 and as the algorithms in the subunits may request reports comprising 
different measurement types for one link, an access point may have to send more than one 
periodic measurement report per link. Therefore, and especially since an access point 103 may 
accommodate e.g. 100 links, the total number of different possible periodic measurement reports 
may become quite large over one control interface 104. Since at the same time, as described 
above, there are capacity limitations regarding the amount of measurement reports possible to 
send to the control unit 105 over the control interface 104, there is a need to control the reporting 
frequency of the periodic measurement reports sent over the control interface. 

The international patent application WO 00/76233 shows a prior art system for controlling the 
commxmication of measurement reports in a mobile communication system. It deals with 
limiting the number of measurement reports sent from a terminal 101 over a link 102 in the 
access interface to the access point 103 that the terminal 101 is connected to. 

The international patent application WO 02/73887 shows another prior art system for controlling 
the communication of measurement reports within a mobile communication system. This 
document deals with the problem of having limited resources in the processor in the access point 
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103. The load of the processor is controlled by controlling the reporting of measurements within 
the access point 103. 

None of the prior art documents discuss controlling the commvinication of measurement reports 
from an access point to a control unit considering the request sent by the control unit. 

As could be seen above, there is a need for a system for efficiently controlling the 
communication of measurement reports from an access point 103 over a control interface 104 to 
a control unit 105. 

SUMMAR Y OF THE mVENTION 
As mentioned above, in communication networks a control unit requests periodic measurement 
reports from an access point over a control interface. The reported periodic measurement reports 
comprises measurements regarding Unks associated with the access point. For controlling 
purposes there is an interest for a control unit to receive these measurement reports frequently. 
However, the capacity for forwarding measiirement reports over the control interface is limited. 

The-ArLobject of the inv e ntion is to control the measurement reporting from the access point to 
the control unit over the control interface such that the limited capacity over the control interface 
is efficiently used for the purpose of achieving a good control of the resource allocation at the 
access point. 
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The presont in\ e ntion technology described here m akes it possible to efficiently control the 
measurement reporting from an access point to a control unit over a control interface having 
limited capacity, by dynamically determining the reporting fi-equencies of the periodic 
measurement reports over the control interface based on information on the currently requested 
periodic measurement reports of the links currently handled by the access point and the limited 
capacity of the control interface. 

According to a preferred example embodimen t of the invontion , the methods, systems, computer 
program products and control units of tho inv e ntion are arranged to dynamically determine the 
reporting frequencies based on the currently active links. 

According to another preferred example embodimen t of th e inv e ntion , the methods, systems, 
computer program products and control xmits of th e invention are arranged to dynamically 
determine the reporting frequencies based on the content of the periodic measurement reports 
regarding the currently active links. 

An advantage of the present inv e ntion is that since the usage of the capacity of the control 
interface is dynamically evaluated and compared to the total capacity of the control interface, a 
high amount of the total capacity of the control interface could be constantly used and the control 
point will receive at times a higher amoimt of reports compared to prior art, which will result in 
an improved performance of the system. 

A fiirther advantage of the pres e nt invention is that the capacity of the control interface would be 
more efficiently used compared to prior art by adapting the reporting frequencies of the periodic 
measurement reports to the current load of the control interface. 
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As a result of the more efficient use of the capacity of the control interface, the resource 
allocation in the access point could be improved and, thereby, the performance of the system 
could also be improved. 

Another advantage according to one aspoct of the invention is that the invention technology is 
easy and cheap to implement in the system since it only requires adaptations in the control unit. 
The invention technology could be implemented by introducing a novel subunit, a so called 
measurement proxy in the control unit. This novel subunit could be either a piece of hardware or 
a computer-program product to be executed by hardware that already exists in the control unit. 
Furthermore, the present invention teclinology does not require any changes in the 
implementation in the control unit of the algorithms that use the measurements. 

Yet another advantage of the present invention is that no changes are required to the concerned 
standards. 

Another advantage of example embodiments of the pr e sent invention is that the performance of 
the system could be further improved by adapting the frequencies of the periodic reporting of the 
different measurement reports to the contribution of the different measurement reports to the 
total performance of the system. Thus measurement reports having a great impact on system 
performance may be reported with a higher frequency than measurement reports with little 
impact on system performance. 

Yet another advantage according to another embodiment of the inv^ention is that reports can be 
received with different frequencies at the subunits in the control unit compared to the frequencies 
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used over the control interface between the access point and the input of the control unit. This is 
for example advantageous when two or more subunits request the same measurement reports but 
with different frequencies. The sending of redundant measurement reports can then be avoided 
over the control interface by coordinating reporting to ttie different subunits. Thereby, the 
capacity of the control interface will be used even more efficiently. 

A further advantage according to on e embodiment of the invention is that the measurement 
proxy implemented in the control unit acts as a traffic flow control over the control interface and 
thereby a congestion of both the reporting processor in the access point and the control interface 
is avoided. 

Further advantages of example embodiments of the present inx^ention will become apparent 
when reading the following detailed description in conjvinction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows a schematic block diagram of a commimication syste m wherein the present 
invention may be us e d . 

Figure 2 is a schematic block diagram illustrating an example embodiment of th e pr e s e nt 
invention incorporating a proxy in the control unit for r e alizing the invention in a communication 
system. 

Figure 3 is a schematic block diagram illustrating another example embodiment of the present 
invention incorporating a proxy in the control unit for roaHzing the present invention in an 
exemplary mobile communication system working according to the UMTS standard. 
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Figure 4 shows a flow chart describing a method according to an exemplary embodiment-ef4he 
invention . 

Figure 5 shows a flowchart describing a method according to another exemplary embodiment-ef 
the invention . 

Figure 6 is a schematic block diagram of a measurement proxy realising a method according to 
an exemplary embodimen t of the inv e ntion . 

Figure 7 is a schematic block diagram of an alternative realisation of a measurement proxy 
according to an exemplary embodimen t of the invention . 

Figure 8 is a schematic block diagram of another alternative realisation of a measurement proxy 
according to an exemplary embodimen t of the inv e ntion . 

Figure 9 shows a schematic block diagram of an altemative example embodiment of the 
prooent invention incorporating a proxy in the control unit for realizing the invention in a 
communication system. 

DETAILED DESCRIPTION 
The present invention technology will be described more fully hereinafter with reference to the 
accompanying drawings, in which preferred example embodiments of the invention are shown. 
This invention technology m ay, however, be embodied in many different forms and should not 
be construed as limited to the embodiments set forth herei n; rather, thooo embodiments or e 
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provided so that this disclosure will bo thorougli and complete, and will fully convey tho scope of 
the invention to those skill od in the art . In the drawings, like numbers refer to like elements. 

Th e pr e sent invention may be used in the An exemplary communication system illustrated in 
figure 1. This communication system comprises, among other things, an access point 103, a 
control unit 105 and a control interface 104 connecting the access point 103 to the control unit 
105. The access point 103 is arranged to give access to a network (not shown in fig.l) via links 
102. A number of terminals 101 can be connected via the hnks 102 and the access point 103 to 
the network. Each terminal 101 is in contact with its access point 103 via at least one link 102. In 
figure 1 for clarity reasons only one control unit, one access point and consequently only one 
control interface 104 is shown, although, a person skilled in the art would know that a 
communication system can comprise many control units, access points and control interfaces. 

The links 102 are allocated a certain amount of network resources for the communication to and 
firom the terminals 101. Since it may be advantageous for the system performance to allocate 
different amounts of resources to the links depending on characteristics of the links, a task of the 
control unit 105 is to control this resource allocation at the access point 103. When allocating 
resources, the control unit 105 may also consider the user data traffic, whether the terminal or the 
user data flow associated with a link 102 has some associated priority and, if so, how high this 
priority is with respect to the priority of other terminals or user data flows. This control is 
managed by algorithms residing in subunits 205, 206 in the control unit 105. For this purpose, 
the control unit 105 requests measurement information fi-om the access point 103 regarding the 
links 1 02 handled by the access point. The measurements could be of different types depending 
on what is requested by the algorithms. In the example of a mobile communication system, the 
measurement types could be e.g.: received interference level, transmitted power level, path-loss, 
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received signal quality, etc. The access point 103 responds to the requests from the control \mit 
by sending measurement reports over the control interface 104 to the subunits 205, 206 in the 
control unit. The measurement requests, sent by the control unit 105, specify the type of 
measurements to be compiled into measurement reports, and for periodic measurement reports 
the requests also specify with which frequencies the periodic measurement reports should be sent 
to the control unit. Li response, the access point 103 compiles and sends periodic measurement 
reports at the requested frequencies. 

Different measurement reports may contain different types of measurements. Therefore, the 
access point 103 may send several periodic measurement reports for each link. Furthermore, 
different algorithms may require the same measurement type from the same links. 

As earlier described in the background section, higher measurement reporting frequencies could 
lead to a higher performance of the communication system. Although, due to capacity limitations 
over the control interface 104 there are limitations on the number of measxirement reports that 
can be sent per time unit from the access point 103 to the control unit 105. The capacity 
limitations over the control interface 104 can be due to a limited bandwidth of the control 
interface, but also due to limited processing capacity in the access point 103 for the reporting 
purposes. With the expression capacity limitations over the control interface is here meant any 
cause for hmiting the number of reports that could be sent from the access point 103 to the 
control unit 105 per time unit. Consequently, for improving the performance of the system there 
is a need to control the periodic measurement reporting frequencies with regard to the limitations 
of the control interface. 
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According to tho in\ ontion, q A^frequency for periodical reporting of each periodic measurement 
report from the access point to the control unit is dynamically determined based on information 
on the number of Unks currently handled by the access point and such that a total aggregate 
frequency of periodic measurement reports does not exceed the limited total capacity of the 
control interface. 

For example, if the number of links handled by the access point decreases, it will be possible to 
increase the frequency for periodical reporting of each measurement report as long as the total 
aggregate reporting frequency does not exceed the total capacity of the interface. 

In the prior art solution for controlling the commxmication of measurement reports in a 
communication system described in the intemational patent application WO 00/76233 mentioned 
above, there is no control or supervision of the total current use of any interface compared to the 
total capacity of the interface. The control takes into account only one link at a time, i.e. wifli no 
respect to the reporting frequency on the other links, to the aggregate reporting frequency or to 
the total capacity of the interface. However, the solution according to the present in\^ention h ere 
determines suitable reporting frequencies with regard to the limitations of the control interface 
and with regard to information on the links currently handled by the access point, which allows 
for instant determination of suitable reporting frequencies for all requested periodic reports 
taking into account the total capacity of the interface. As a result, the present solution gives an 
improved interface use and better system performance compared to the prior art solution. 

In some communication systems, the request issued by the control unit 105 is standardised, 
which means that the access point 103 must comply with the request. According to such a 
standard, exemplified by the 3GPP standard document TS 25.433, the access point 103 may 
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answer to such a request by a "measurement failure response", but it is not allowed to change on 
its own the requested reporting frequency. Therefore a solution based exclusively on logics 
located in the access point 103, i.e. according to which the access point 103 decides on its own 
when and to which new reporting frequency to switch, will not be compliant with such a 
standard. 

Measurements for different links and/or different measurement types contribute in different 
degrees to the performance of the communication system 105. For example, for a mobile 
communication system it is important to control the total power used by the active links in a cell 
or access point for a good total performance of the system, because the total power of an access 
point is Hmited due to limited power amplifier resources etc. It is therefore important for the 
control unit to allocate and reallocate resources so that the total power does not increase too 
much. Then it is more important to control and get accurate measurements for links using high 
code power than to control links using low code power because high code power links use more 
of the total radio resources in a cell and have a larger absolute variation in power. This is 
especially true for a UMTS-Hke system since the power control is adjusted in logarithmic steps 
and an increase with IdB leads to a larger absolute increase if the current code power is high 
than if the code power is low. Thus, to more often control the links having high code power 
would contribute in a higher degree to the total performance of the system. Therefore, according 
to a first preferred example embodimen t of th e inv e ntion , the measurement requests sent by the 
control unit 105 can configure the reporting procedure in the access point 103 in such a way that 
the access point 103 can utilise different reporting frequencies fij for each periodic measurement 
report for each Hnk i and for each measurement type j depending on the importance of the 
information in each periodic measurement report. By taking the limitations of the control 
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interface and the importance of each periodic measurement report into account when setting the 
reporting frequencies fij^ the performance of the system may be further improved. 



According to the first examp le embodimen t of th e id e a , the reporting frequencies/^ are dynami- 
cally computed by the control unit 105, based on the total capacity F of the control interface 104 
and on a set of dynamically changing weighting coefficients Wij associated with each link / and 
each measurement type j. Each time the set of reporting frequencies changes, measurement 
requests are sent to the access point 103 in order to update (reconfigure) the reporting procedure. 
The total capacity F of the control interface 104 could be known a priori or estimated by the 
system. 

According to the first preferred embodiment, the reporting frequencies fij , for the i-th link and 
the j-th measurement type are computed in the control unit 105 by: 

where A: is a factor dynamically computed as: 

In fact the way k is computed reflects the constrain imposed by the control interface capacity: 

i.e. that the sum of all reporting frequencies must not exceed the total capacity of the control 
interface. 

The formulas in the paragraph above could also be expressed in a more general manner as: 



14 

wherein fr denotes the reporting frequency for measurement report r , Wr denotes the weighting 
coefficient for measxarement report r and wherein k is a factor dynamically computed as: 




wherein k is computed reflecting the constrain imposed by the control interface capacity: 

r 

The new functionahty described above can according to another example embodiment of th e 
invention b e implemented by introducing a novel subunit in the control unit 105. The novel 
subunit, referred to in the following as a measurement proxy, can be either a piece of hardware or 
a computer-program product to be executed by hardware that already exists in the control unit 
105 or a combination of a computer-program product and hardware. 

Figure 2 shows the implementation of a measurement proxy 204 in the control unit 103 for 
controlling the syste m according to tho invention . In this figure, the terminals are not shown, but 
the Unks 102 to the terminals are shown. The measurement proxy 204 is inserted in the control 
unit 105 between the access point 103 and the subunits 205-206. Thereby a new interface called 
a subunit interface 215 is created between the measurement proxy 204 and the subimits 205, 206. 
The measurement proxy 204 will be able to separately control the reporting process from the 
access point 103 over the control interface 104 to the measurement proxy 204 from the reporting 
process from the proxy 204 over the subunit interface 215 within the control unit 105 to the 
different algorithms residing in the subunits 205, 206. Thereby the reporting frequency over the 
control interface 104 could be different to the reporting frequency used over the subunit interface 
215, which may spare reporting resources as shown below in embodiments of the invention. In 
order for this to work seamlessly for both the access point 103 and especially for the subunits 
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205, 206, the measurement proxy 204 performs the adaptive change of the reporting frequency 
over the control interface 104 by emulating measurement reports over the submit interface 215 
at the reporting period requested by the subunits. 

The measurement proxy can, according to a preferred example embodimen t of the invention , 
coordinate the reporting process in case several subunits 205, 206 within the control unit 105 
request similar measurement reports, regarding the same measurement type or types and the 
same link. For example, two resource allocation algorithms, residing in the subunits 205 and 206, 
respectively, may require measurements regarding the transmission power on the same link 102, 
but where the measurements should be low-pass filtered with different filters and reported with 
different measvirement fi-equencies. According to this preferred example embodiment, the 
measurement proxy 204 within the control unit 105 can rationalise the requests issued by the two 
algorithms in the subunits 205, 206 and only send one measvirement request to the access point 
103 over the control interface 104. Then the access point 103 responds by sending only one 
periodic measurement report over the control interface 1 04 to the measurement proxy 204, which 
in turn emulates two different reports based on the requested different filters and sends these 
reports over the subunit interface 215 to the algorithms in the subunits 205, 206 at the requested 
different reporting fi-equencies. 

According to another example embodiment, the adaptive change of reporting frequencies 
according to the inv e ntion could also be implemented in the access point. This requires that the 
access point implicitly knows how to compute the weighting coefficients in order to improve the 
system performance. However, the control unit must set the weighting coefficients, for example 
by using the measurement prox y according to the invention , or at least provide the access point 
with the information needed to set the weighting coefficients. For instance since according to the 
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current 3GPP standard TS 25.433, this information is not available in the access point and the 
access point must comply with the request from the control unit. Furthemiore, a measurement 
proxy 204 is needed in the control unit in order to emulate the measurement reports needed by 
the subunits 205, 206 in the sense of restoring the reporting frequencies requested by the subunits 
205, 206. According to this embodiment, the control unit will work in a more "asynchronous 
way", since it will no longer know the exact reporting frequencies. Instead, it will receive the 
reports in a more event-triggered fashion. 

Figure 3 shows an example of a preferred example embodiment of the inv e ntion implemented in 
a part of an exemplary UMTS Terestrial Radio Access Network (UTRAN) of a mobile 
communication system. The part of the exemplary UTRAN comprises a Radio Network 
Controller (RNC) 303 corresponding to the control unit 105 in figure 2, a NodeB 301 
corresponding to the access point 103 in figure 2 and an lub interface 302 corresponding to the 
control interface 104 in figure 2. For illustrative purposes only, in this oxc3mplar>^ embodiment of 
tho invention, the RNC 303 contains only one resource allocation algorithm in one subunit 305, 
which algorithm uses only code power measurements in order to decide how to allocate radio 
resources, e.g. bit-rate control or link admission control, i.e. only one type of periodic 
measurement report needs to be sent per link 102. Furthermore, to illustrate the advantages of the 
invention, it is assumed that the resource allocation algorithm in the subunit 305 is designed to 
receive code power measurements with a frequency of 1 .25 Hz (the figures used in this example 
are selected only for didactical purposes). This means that the subunit 305 expects the NodeB 

301 to send a measurement report comprising code power measurements over the lub interface 

302 each 800 ms, for each link 102. Assume that the total capacity of the lub interface 302 is 20 
reports per second and that at time to the number of links in the cell is N(tQ) == 20. Given the 
limited total capacity of the lub interface 302, the maximum number of links for which a 
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reporting frequency of 1 .25 Hz can be maintained is 20/1 .25 = 16 links, which is smaller than the 
current number of links. Therefore, requesting a reporting frequency of 1.25Hz over the control 
interface for 20 links might cause a hazardous behaviour of the NodeB 301 . 

This problem is solved with the help of a measurement proxy 304 or similar in the control unit 
303 working in the following way: The subunit 305 requests a reporting frequency of 1.25 Hz. 
However, the measurement proxy 304 sets the measurement reporting frequency over the lub 
interface 302 for each link 102 that NodeB 301 is actually using according to the maximum 
reporting capability of the Tub interface 302. This means that the measurement reporting 
frequency for each link over the lub interface 302 can be both larger or smaller than 1.25 Hz, 
depending on the number of links used for the moment and on the total capacity of the lub 
interface 302. In the example above, since the number of links in the cell at to was 20 and the 
total capacity of the lub interface 302 was 20 reports per second, the mean reporting frequency 
over the lub interface 302 would be 1 Hz. 

The proxy 304 maintains a monitor (estimate) for each link. This monitor is updated each time a 
measurement report is received from NodeB 301. Based on this monitor, the proxy 304 will 
emulate measurement reports and send them to the subimit 305 over a subunit interface 325 at 
the frequency requested by the resource allocation algorithm in the subunit 305, in the example 
above 1 .25 Hz. In this way, the subxmit 305 will receive measurement reports at the requested 
frequency over the subunit interface 325 even if a different reporting frequency may be used over 
the lub interface 302, Consequently, the subunit 305 does not need to be aware of the existence 
of the measurement proxy 304, and the signalling protocol used over the subunit interface 325 is 
the same as the protocol used over the lub interface 302 according to the 3 GPP standard 
document "UTRAN lub interface NBAP Signalling", 3GPP TS 25.433. 



18 



The exact procedure performed by the measiirement proxy 304 is exemplified by the following 
example, using the numeric examples from above. In this example, all links 102 are supposed to 
contribute evenly to the system performance, i.e. they have been given the same weight: 

which means that the reporting frequencies at a given moment are the same on all the links: 

fi=f=F/N 

where N is the number of links in the cell. Then the reporting frequency / will be set to f(to) = 
20/20 = 1 Hz (i.e. one report per second for each link). If, at a later moment tj, the number of 
links 102 connected to the NodeB 301 decreases to for example N(tj) = 10 (e.g. as a result of 
decreased nvimber of terminals handled by NodeB), the reporting frequency can increase to fftj) 
= 20/10 = 2 Hz. As mentioned before, a higher reporting frequency leads to a more accurate 
monitoring of the power and, therefore, this higher reporting frequency leads to an improved 
performance of the resource allocation algorithm and consequently also for the communication 
system. 

The procedure described in the example above is summarised with the help of the flowchart in 
figure 4. The procedure is initialised by counting 401 the number of links, if any, already 
connected to the NodeB at the moment of inserting the measurement proxy in the system by 
means of a counter in the measvirement proxy. This counter is updated each time a link is added 
or removed (steps 408 and 409), e.g. at the moment of setting up a new channel, closing a 
connection or due to terminal mobility (handover). If no link is connected to NodeB when the 
proxy is inserted, the procedure would start at step 408 when the first link is added to NodeB. 
Each time a change in the number of links occurs, the reporting frequency for each link 
measurement report ft is recalculated for all measurement reports and set (step 402) to = 
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F/Ncurry where Ncurr stands for the number of hnks currently in use. The measurement proxy 
updates the reporting frequency by sending (step 403) a new dedicated measurement initiahsa- 
tion (i.e. new measurement requests) to NodeB. 

When measurement reports are received at step 404 by the measurement proxy from NodeB, the 
proxy updates (step 405) internal monitors of the dedicated code power measurement reports 
(one monitor for each link). The measurement reports are kept in these monitors until there is 
time to deliver a measurement report to the resource allocation algorithm (step 406). Then the 
measurement proxy emulates 407 the measurement report needed by the resource allocation 
algorithm and delivers it to the algorithm at the reporting frequency desired by the algorithm 
(1.25 Hz in this example). The emulation process, which m ay include e.g. extrapolation-ris 
beyond the scop e of this inv e ntion . 

In this example, the reporting frequency is updated by sending new measurement requests for all 
links each time the number of links change. This may lead to an undesirably high signalling 
frequency from the RNC to NodeB. Therefore, some changes can be made to reduce the 
signalling burden. For instance, the updating of the reporting frequency for all links connected to 
the NodeB can be made only when the aggregate reporting frequency ^/ exceeds some 
predefined limits. 

Consider now another solution according to a preferred example embodimen t of tho invontion , 
described by using the same architectural set-up as in figure 3. However, in this embodiment the 
procedure performed by the measurement proxy 304 when selecting the reporting frequency over 
the lub interface 302 is more advanced since it considers that the importance of the information 
in the different periodic measurement reports may differ. For example, the importance of 
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different measurement types, wherein one measurement type is defined as one and the same type 
of measurements, may differ. In the embodiment it is cx)nsidered that Unks having high values 
for a suitable measurement type mv are more important to control than links having low values 
for the measurement type. Measurement types where this is applicable could be e.g. link code 
power or uplink signal to interference ratio error (uplink SIR-error). Consequently, measurement 
reports containing measurements fi-om links with a high value of the measurement type 
preferably need a higher reporting frequency than reports containing low values for the same 
measxirement type. Hence, the reporting frequencies are weighted proportionally to the values of 
the measurement types, such that: 

= mvr. 

When the system only reports measurement reports containing one measiirement type and when 
only one periodic measurement report is sent per link, the frequency of each periodic 
measurement reports for a hnk is computed as: 

F^mvi 

i 

wherein F defines the total capacity of the control interface. The formula above could be 
expressed in a broader sense when the reports contain only one measurement type, but when 
more than one periodic measurement report maybe sent per link: 

* mvr 

r 

wherein fr is the frequency for measurement report r, and mvr is the measurement value in 
measxirement report r for the only one measurement type. 

In the example below, the measurement type mvi is exemplified by the link code power, Pcodej . 
Consequently, as mentioned earlier in the description, links having high code power are 
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considered more important to control than links having low code power, because they contribute 
to a higher degree to the limited total code power use of the access point. Therefore a higher 
reporting frequency would be preferable on the links having high code power. Hence, the 
reporting frequencies are weighted proportionally to the link code power, such that: 

W/ = Pcode,i 

where PcodeA is the code power for link i, and consequently: 

F * Pcode, i 
^ Pcode, i 



The above criterion can further be refined in order to ensure that the reporting frequency for 
link does not get too high or too low according to the formula below: 



fi—rmn 



ymax,max^ 



fk * Pcode^ i 

J min, — =z; 

/ ^ Pcode^ i 



The formula states that if the link reporting frequency/ computed according to 



^ fk * PcodCy i 
_k 

Pcodey i 



is below a threshold fmin, a predefined fmin will be used as reporting frequency instead of the 
computed fi. Similarly, if the computed / is above a predefined fmax^ the predefined f^ax will be 

used instead of the computed value fi. Note that the total aggregate frequency ^fk m this 

k 



formula may differ from the total interface capacity F, 



The procedure executed by the measurement proxy in this other solution according to a preferred 
example embodiment is summarised by the flowchart in figure 5. The first part of the flowchart, 
i.e. steps 501-503 resembles the initiahsation procedure in steps 401-403 of the embodiment 
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described in figure 4, and is needed in case the proxy is inserted in the system when there already 
are some Hnks connected to the NodeB. In contrast to step 402 of figure 4, the step 502 of setting 
the reporting fi-equencies for all links to the same frequency is only accomplished at an 
initialisation phase when the link code powers are unknown. If the proxy is inserted when no 
links are connected to the NodeB, the initialisation part can be skipped. Then the procedure 
moves to steps 504 and 505, which resembles steps 404 and 405 in figure 4, The major 
difference between the flowchart in figure 5 and the flowchart in figure 4 lies in the next step 506 
where the reporting frequencies are updated depending on whether the relative size of a link code 
power has changed to a certain degree compared with the code power on the other links, e.g. a 
link code power has changed above or below a certain threshold. The new frequencies are 

F * Pcode i 

updated according to the formula fi=^ — -— • In the next step 507, which resembles step 408 

y ^ Pcode, i 
i 

of figure 4, the procedure checks whether there has been any change in the number of links 
connected to NodeB and in step 508 the reporting frequencies are updated depending on the 

f I^code i 

change and according to the formula fi=^ . The change in the number of links can 

/ Pcode J 
i 

actually be seen as a change in code power as well, in the sense that a new link is associated with 
a default power value (valid until the first measurement is reported from NodeB), or that the code 
power of a disconnected link is changed from a former value to 0. Following the step of updating 
of the reporting frequencies, the proxy checks (step 509) whether there is time to deliver 
measurement reports from the measurement proxy to the resource allocation algorithm and, if so, 
the proxy emulates (step 510) and delivers such a report, corresponding to the steps 406 and 407 
of figure 4. These two steps (406, 407 and 509, 510) are accomplished at different times in the 
loops in figures 4 and 5, which only shows that the steps could be accomplished at any time 
within the respective loop. Thereafter, if a reporting frequency has been changed, which is 
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checked in step 511, the proxy signals (step 512) in measurement requests to NodeB the new 
reporting frequency/frequencies. Thereafter the procedure returns to step 504. 

Figure 6 shows a block diagram of the operation of a measurement proxy 600 according to an 
example embodiment of th e inv e ntion r ealising the procedure described in figure 5. In this case it 
is still assumed that only one report per link is sent. Measurement reports are periodically 
received fi-om the access point over the control interface at an input 605 of the measurement 
proxy 600. The reporting frequencies over the control interface may change in time according to 
the settings sent in measurement requests from a first output 606 of the proxy 600 to the access 
point over the control interface. The measurement reports received from the access point are first 
stored in a register (monitor) 601. An emulator 602 uses these stored measurement reports to 
emulate measurement reports to be sent to the resource allocation algorithm in the subunit over 
the subunit interface from a second output 607 of the proxy 600, Unlike the reporting frequencies 
over the control interface, which change in time, the reporting frequency for each link over the 
subunit interface is fixed in time and given exclusively by the reporting frequency per link 
requested by the algorithm in the subxmit. The measurements in the measxirement reports stored 

F * Pcode I 

in the register 601 are also used by a calculator 603 according to the formula , for 

/ ^ rcodCy i 

calculating new reporting frequencies, which are sent to the access point from the first output 
606, as described above. 

The calculator 603 is, according to a further example of the first preferred embodiment, used for 
improving the accuracy of the calculated sum of the code power from the different links, S = 
^ Pcode J , by assuming that a higher reporting frequency for the links with a large contribution to 
this sum will lead to a smaller variance of S, More exactly, if measurements of the sum of the 
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link code powers at a certain moment S(ti) is seen as a prediction of the svim of the hnk code 
powers until the next measurement is available at Z^, then D = S(t2)'S(ti) can be seen as a 
measure of the prediction error, and the shorter the time interval d = t2' ti is, the smaller the 
prediction error D. Since the time interval d cannot be made arbitrarily small, due to the 
limitations in the reporting frequencies over the control interface, the prediction error is 
minimised by reducing this time interval for only some of the reports, namely the reports for the 
Mmost representative links: 

N M<N N 

S(i2) = Y,Pcodej{t2) ^ Y,Pcodejit2) + J^Pcode,i(t\) 

The formula shows that the values Pcodej for the Mmost representative links have been updated 
at t2 (i.e. new reports have been received), whereas the reports for the less representative links are 
using the old values from ti. Similar realisations of this exemplary embodiment of the invention 
can be designed in the same spirit. 

Figure 7, wherein like numerals depict like functions as in figure 6, shows an embodiment where 
the weight of each measurement on each link Wi is given by the relative standard deviation of the 
estimated code power, where the relative standard deviation is given by the estimated code 
power variation in time and normalised to the total (average) power: 

Std(Pcode.i(t)) 

Wi = — = 

^ ^ Pcode^ i 
i 

As described earlier, it is more important to control and get accurate measurements for links 
having a large absolute variation in code power than for links having a small variation in code 
power. This is a consequence of it being important to control the total power used by the active 
links in a cell or access point for a good total performance of the system, because the total power 
of an access point is limited due to limited power amplifier resources etc. It is therefore 
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important for the control unit to allocate and reallocate resources so that the total power does not 
increase too much. The relative standard deviation is estimated in a standard deviation estimator 
704 connected between the register 601 and the calculator 603. 

In the examples above, the measurement type has been exemplified by the link code power. 
Although, any suitable measurement type mv could be used for calculating the weighting 
coefficients and, consequently, the frequencies of the periodic measurement reports. A more 
general formula for calculating the fi-equencies for reporting of periodic measurement reports 
proportional to the standard deviation of measurement values if only one measurement type is 
reported over the control interface would read: 

r 

wherein fr is the reporting firequency for measurement report r, mvr is the measurement value in 
measurement report r, std(mvr(t)) is the standard deviation of the measurement value mv in 
measurement report r and A: is a factor depending on the total capacity of the control interface F 
and defined such that 

r 

However, the primarily disclosed idea of changing the reporting frequencies based on 
information in the received measurement reports of the links currently handled by the access 
point can be applied in a different way as well. The procedure described above intends to 
improve the accuracy of the sum of the code power fi-om the different links at a certain time: S(t)y 
i.e. to reduce the prediction error by directly connecting the reporting firequencies to some 
characteristics of the code power. The alternative procedure is to explicitly use the performance 
measure for deciding the optimal reporting frequencies. In this case, in the code power example, 
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the sum of the measured code powers of all active links connected to an access point is compared 
to the carrier power (i.e. the total downlink power of tfie access point). The reporting frequencies 
should then be controlled such that the sum of the measvired code powers is related to the carrier 
power. More exactly, the increase (change) of the carrier power should equal the increase 
(change) in the sum of the measured code powers. This transforms the tuning of the reporting 
frequencies into an optimisation problem with as many controllable variables as the number of 
links, as exemplified in the embodiment of a measurement proxy described in figure 8, wherein 
like numerals depict like functions as in figure 6. The optimisation problem is solved by a 
performance estimator 804 in the measurement proxy 600, connected between the register 601 
and the calculator 603. The calculator 603 then calculates the reporting frequencies based on the 
results from the performance estimator 804. The technical solution to the optimisation problem 
can be any solution known to those skilled in the art of automatic control and is beyond the scope 
of this application. Novorth e less, th e central port of the invention remains the nov^ol id e a of 
dynamically tuning tho reporting frequencies. 

The examples of the first preferred example embodiment described above in connection with 
figures 3-8 are concerned with scenarios where only one measurement type (in these examples 
code power measurements) is reported from the access point to the control unit. However, the 
disclosed idea of dynamically tuning the reporting frequencies for the different measurement 
reports based on information on the received measurement reports can also be applied in the case 
where different measurement types are available for each link (connection). 

Assume for instance that two different measurements are available for each link. This is shown 
in the example below for a mobile communication system. In this example, code power 
measurements could be available regarding the downlink channel of the link (i.e. regarding 
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commxmication from the access point to the terminal) and the carrier to interference ratio (CIR) 
could be available regarding the uplink channel of the same hnk (i.e. regarding communication 
from the terminal to the access point). It is possible that in certain access point coverage areas, 
i.e. cells, the downlink channel has limited resources due to radio resource shortage in the cell, in 
other cells the uplink channel has limited resources while in other cells the uplink and the 
downlink channels are rather evenly limited. It can be assumed that it is more important to have 
frequent measurements for the limited channel, while the accuracy requirements are not critical 
for the non-limited channel, because e.g. the downlink power for each link has to be more 
accurately controlled if there are limited total downlink power available in the cell, so that the 
limited total downlink power is not exceeded. Hence, the measurements for a limited channel 
needs to be reported more frequently as the measurements a the non-limited channel. 

According to this example embodiment, the same reporting frequency is used in reporting 
measurements for the downlink channel code power and the uplink channel CIR for the same 
link if the downlink and the uplink are both limiting factors. The downlink code power 
measurements are reported at double frequency than the uplink CIR measurements, if the 
downlink is the limiting factor. The uplink CIR measurements are reported at double frequency 
than the downUnk code power measurements if the uplink is the limiting factor: 

fupUnki ^fdowniinu if both chanucls are limited 

fdowniinu = 2 ""fupiinKi if downlink channel is limited 

fupiinKi = 2 "^fdowniinkj if uplink chaimcl is limited 

The three formulas above may be expressed more generally as: 

fupiinkA ^ ^ /downlink, i 
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where k = 1 if both channels are Umited, k < 1 if downUnk channel is limited and k > 1 if uplink 
channel is limited. 

The computation of the reporting frequencies can for example be done along the lines shown in 
the previous embodiments. Althougji, other combinations within the scope of the invention can 
be performed as well, e.g. combining the importance of a measurement type with the importance 
of an individual link compared to the other links. 

In commxmication systems it may happen that different subunits (or resource allocation 
algorithms) in the control unit may require the same measurements from the access point. For 
example two different resource allocation algorithms may require code power measurements for 
the same link. For a mobile communication system, an example of two such algorithms is an 
algorithm for power balancing of users being in soft handover and an algorithm for congestion 
control. In this case, according to another preferred example embodimen t of th e inv e ntion , the 
system could utilise the control interface more efficiently by coordinating the requests from the 
algorithms such that only one common measvirement request and consequently only one 
common measurement report for both algorithms is sent over the control interface. Reports are 
then emulated in the control unit and sent over the subunit interface towards the two algorithms 
based on the common measurement report sent by the access point. Thereby, control interface 
capacity could be spared without compromising with the quality of the measurement reports. 

The procedure according to this example embodiment is exemplified according to figure 9. 
According to the example embodiment a first algorithm 907 in a control unit 105 requests from a 
proxy 904 in the control imit 1 05 code power measurement reports with a frequency^ ^ and low 
pass filtered with a filter Ha(z). Similarly, assume that a second algorithm 908 in the control unit 
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903 requests from the proxy 904 code power measurement reports for the same link with a 
frequency fsA and low pass filtered with a filter Hb(z)^ histead of requesting measurement reports 
from the access point 103 over the control interface 104 separately for both algorithms, i.e. with 
the higher frequency ft = Jaa -^/bm the measurement proxy 904 could request only one periodic 
measurement report with the reporting frequency foj = max(fA,u /bJ and low pass filtered with a 
filter Ho(z) such that: 

Ha(z) = Ho(z) * Ha '(z) and Hb(z) = Ho(z) * Hb '(z). 

The measurement proxy 904 will then emulate in respective first and second emulators 905, 906 
measurement reports with the accuracy and reporting frequency desired by the two respective 
algorithms 907, 908. In order to achieve the desired accuracy, the proxy might need to employ 
some additional filters in order to emulate the transfer functions Ha '(z) and Hb '(z), respectively. 

All cmbodimonts and examples of tlie example embodiments described ift4he-above assume that 
the total capacity of the control interface, i.e. the aggregate maximum reporting frequency over 
the control interface, is known to the control unit. For example, the operator of the control unit 
(e.g. the operator of the RNC in a UTRAN) could know the capabilities of each individual access 
point and each control interface and can therefore configure the measurement proxy for each 
access point and control interface. However, other approaches can be used as well. For instance, 
a specific protocol could be designed so that the measurement proxy can inquire the access point 
for the capabilities of the control interface. Another alternative is for the measurement proxy to 
test the control interface in an initialisation phase. For instance, the proxy can start by assuming a 
small figure for the aggregate reporting frequency F over the control interface, and then 
gradually increase the frequency until the total interface capacity is reached. If the access point 
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responds by sending measurement reports at the requested aggregate frequency, then the 
measurement proxy can estimate that the capacity of the interface is at least as large as the 
requested aggregate frequency. This procedure can then be repeated until the access point cannot 
respond as expected any longer, either by failing to increase the reporting frequency, by ceasing 
to send reports for some links, or by becoming unstable in any other sense. 

As shown in the application, the obj e ct of the inv e ntion is to control technology controls t he 
measurement reporting from the access point to the control unit over the control interface such so 
that the limited total capacity over the control interface is efficiently used for the purpose of 
achieving a good control of the resource allocation at the access point. This is achieved by 
dynamically determining a frequency for periodical reporting of each periodic measurement 
report from the access point to the control unit based on information on the number of links 
currently handled by the access point and such that a total aggregate frequency of periodical 
reporting of the number of periodic measurement reports does not exceed the limited total 
capacity of the control interface. 

In comparison, the solution in the earlier mentioned international patent application WO 
02/73887 detects a high load of a processor or an interface compared to ttie capacity of the 
processor or the interface and adjusts the load of the air interface by decreasing the frequency for 
some reports for the links and by checking whether this decrease was enough to avoid exceeding 
the capacity of the processor or the interface. A drawback with this solution is that several 
iterations of decreasing and checking operations may be required until suitable frequencies are 
determined for all reports. The solution according to the proGont invontion described here 
determines suitable reporting frequencies with regard to the limitations of the control interface 
and with regard to information on the links currently handled by the access F>oint, which allows 
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for instant determination of suitable reporting frequencies for all requested periodic reports 
taking into account the total capacity of the interface. Thereby, the control interface is more 
efficiently used and the system performance is increased. 

In the drawings and specification, there have been disclosed preferred embodiments and 
examples of the invention and, although specific terms are employed, they are used in a generic 
and descriptive sense only and not for purposes of limitation, the scope of the invention being set 
forth in the following claims. 



